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Th« Effects of Ratti of Chango In PoiHwrniico 



Thare is a eonsldamble body oi reieaMh focusing on tho lidttern 
of change In perforaanco outcdtnos as a deteriniiiaiit of satisCactioit 
with performance and/or ©Kpoctation of future potfonnaneD levola* 
Much of that rosoarch has focused on effects of tlid direction of change 
in porformanco Ci^np«ving or dotoriorat ingL The tato of change in 
porformanct Caceelorating or decalorating) however, has not boon tho 
focus of systematic investigation. 

The most r^lovent oxpectancy research ^111 be rav^iewed first , Most 
of this research has focused on primacy and recemy affects* that is, 
the Irnpact of tho initial or most recant performance QutcomiBS on estimates 
of future perfonnanoe le\/ils. Probability Itarnlnj research haa produced 
three findings of particular relavanct to the study daseribad belo^; (1) 
individuals, given a sufficiently long tline, will CDtna to anticipatt 
outcomes with a probability exactly proportional to true probabilitias; 
(2) such expectattoni are accurate bicausi individuals can dlscem com- 
plex patterns of change; and (3) most evidence suppoifts a recency 
hypothesiSj whareby recent outcomes have a greater impact on expected 
performance levels CEstas, 19723. 

In contrast to probability learning research j social psychological 
expectancy ^research has used experimental tasks which are more ego-involving 
and which use diffarent types of perforinance outeomiSi In spite of these 
differences, similar evidence of primacy and recency iffects has been found, 
Nona of these studies ^ however, used as dependent variables both positive 
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and ncgativ-e dirdctlons and ratds of almttgo In porfoiiiianco outcomes, 
TKdSP studies which camo closest to doiitg so will bo oxamlned in 
motm detail bolow* 

Jones al. (1968) studlod tho offccts of the diroctlon of 
change In pcrforjnanco. Using ffllso focdbttek and holding ovatall per- 
fonnando constant^ threo conditions mto ateated: ascending Clfflp^wi^^S 
parformance), d^scendingi and randonu Jones ot al* found a primacy 
effsct whon subjects prodicted a partner's performanco. In the 
experiment most relevant to the present study, a recency effect was 
found when subjects predicted their own perfDrmance; subjects in the 
ascending condition expected fewer errors on a second problem seties 
than subjects in the descending or random conditions* Jones et al,^, thenj 
used improving and deteriorating performance Qutcomes to predict per- 
fornianca e)cpectancy levels* 

Brickman and Hendricks C197S} conducted a study closely related to 
tho present study. Their dependent measures included both perforiaance 
satisfaction and a measure of perfornmnce expectationi . Their independent 
variables Included rates of change in parfermance outcomes. They 
Tastricted their attention^ however^ to one dirictlon of change in per- 
forniance outcomes* iniproving rather than deteriorating. 

Holding overall performnci constantj Brickman and Hendricks used two 
false feedback conditions^ "graduar' and ^'sudden^' Improvement, In the latter 
condition, performance was consistently poor for the first half of the 
trials, consistently good for the second half* In comparison to suddenly 
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Improving subjecti, iubjoats In the gradual iiiiprovdindtit aondltlou were 
somowhttt less satliiflod with thoif tost porformttnce and moro confident 
of their capacity to master similar tasks* Capacity to inastor 
similar tasks is not a direct moasure of expectations for porfoniinnce 
on the samo task. Those rosults do suggost, howovcr, that th6 roconcy 
modpl of perfonnanco Dxpoctations and satisfaction may not be Bufficiont 
to oxplain the effects of the rate, as well ae the diractioni of change 
in performanco outcomoa. 

Briekman and Hendricks, however, studiod a particular kind of rate 
of change in performance. In their sudden imprpveTnent eonditioni a 
jump in performanco, typical of some kinds of laarnlngj occured between 
trials 7 and 8. For the other trials in this condition, the rate of 
change was near ^ero, In their conclusions, Brlckjnan and Hendricks 
suggested that future research vary systematically the sacond derivative 
of parformance, that is, acceleration or deceleration in the rate of chang 
in pirformanee that a person experiences over time. 

In the present study, as in the previous studies, false feedback on 
a multiple-trial, experimental task ws used, hQldlng overall performance 
constant. A two ^by- two factorial design was used. The first factor was 
the direction of change in perfoiTnance Clmproving or deterioratliig) . 
The second factor was the rate of change in performance Cacceleratlng or 
decelerating) , Primary dependent measures were satisfaction v^rlth past 
task performance and expectations for future performance at the same task. 

Expectancy predictions . Hypotheses concerning expectations are 
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prosdntod first* Jonm ot ali found that improving porformers ©Kt^eet 
fewer errors than deteriorating porfonnerB . Similar rosults woro pro- 
dictod in the prosont studyi where t\wy would appear as a main effect 
for the diroctlon of change in performanco outcoinGs* 

Tho rate of Qhange , in porformanc^ outcomesi was predicted to Intar-^ 
act with the direction of change. This prediction concerning oxpocta- 
tions was based, for the two improving conditions on Briokman and Hendrlcki' 
♦'similar task capaeity'^ rosultn* Subjecti In the deeelerating improvo^ 
ment condition were predicted to oxpect higher future performance Invels 
(fewer errors) than iubjocti in the accelaratliig improvement condition. 
The opposite pattern of results was prediet&d in the two deterioration 
conditions; subjects In the accelerating deterioration condition were pre- 
dicted to expect more orrors than subjects tn the deccelerating deteriora- 
tion condition* 

The reasoning behind this predicted interaction is as follows. When 
the rate of change decelerates, conclusions about task performance can 
be drawn. Decelerating improvement implies a ceiling effect, the task is, 
as far as is possible^ mastered, and very small error scores are expected^ 
even smaller than in the error scores in the accelerating Improvement con- 
dition where no conclusions about mastery can be drawn because performance 
has not stabilised yet. Decelerating deterioration implies a floor effect] 
performance on the task will not get worse, so, although large error 
scores are expected, they are not as large as the error scores expected in 
the accelerating deterioration condition, where performance is rapidly 
worsening, and no floor is yet evident. ^Vhen the rate of change accelerates * 
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on the othOT hantl, recent purfornittnco levels may be dlscouiitecl becaus© 
they are so different ft'oni the earlLor porformQnce trend, 

Two alternate hypotheses conceriiing performance expectancy were 
also tested! the primacy ari<l reciiicy modeli. Conflrniatlon of either of 
these hypoCheses would cause a sigiiificant main effect of the direction 
of change; no significant mln effect or interaction. Involving the 
rate of change^ would be found. Inapoction of the pattern of nean dif- 
ferences, of course, would pormlt a distinction between the primacy 
and recency models. NeitKer the primacy nor the recency inodel was pre- 
dicted to fit, 

Satlsfaetion predictioris . Performance satisfaction predictions will 
be discussed next. The fact that subjects were rapidly getting worse 
in the accelerating deteTioration condition was predicted to cause strong 
dissatisfaction. Moderato amounts of dissatisfaction were also pre- 
dicted in the decelerating improveineiit condition, because subjects' 
Initially rapid rates of improvemint had leveled off to near zevo im- 
provement in performance, Satisfaction with performance was predicted 
in the remaining two conditions. In the accelerating improvement con- 
ditlon the fact that subjects were getting better at an increasingly 
rapid rate was predicted to cause stronj satisfaction. In the decelerating 
deterioration condition, the slow-down in deterioration was predicted 
to be moderately satisfying because it was a step in the right direction. 
The satisfaction predictions in the improving conditions are congruent 
with Brickman and Hendricks' data on the effects of "gradual" and "sudden" 
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Improviinirtt Both, expectations and satisfaction, then, waro hypothesi^od 
to be affected by tho rat©i as well as the diroctioni of change in 
performanco outcomes, 

Secondary hypothesos focused on true perfonnance* recalled per- 
formance, ability, and attTibutions about the causes of performance 
diffarences between conditions by the end of the last trial, In accord 
with Brlckman and llendricks, no true performance differences at the end 
of the last trial were predicted, Jones et al • found that iubjects 
could quite accurately recall the patterns of their falsa ptrfomiance 
fetdbaeki Similar results were predicted, 

Ability and attribution variables were also coniidered. The experi* 
mental manipulation involved a math task. Subjects with unusually high 
math ability ware predicted to expect fewer errors, because of their 
known ability to master such tasks. High math ability subjects were 
also predicted to be more satisfied^ because they would assume that they 
were doing as well as anyone could. 

An alteriiata ability hypothesis was suggested by Weiner and Kukla 
(1970), who found that low task ability was associated with heightetied 
positive affect for suocess and lowered negative affect for failure. 
These results suggested that lower math ability subjects may exhibit 
higher levels of satisfaction than high math ability subjects in the 
improving conditions. This alternate hypothesis was tested. 

Math ability was also predicted to be related to attribution. In 
accord with h?einer and Kukla*s findings, it was predicted that success 
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wduld be attributed intotnullXi while failure would bo dttrlbuted 
^xtornally, although subjocts with less than superior math ability 
might show a tendency to attribute failure Internally and success 
externallyi 

MothQd 

Subjocti . Seventy-thrgo graduate and undorgraduate students vol- 
untoered to partictpato in the itudy. The data of three subjocts, each 
from a difforont condition, ware exoluded from the analysis bocause 
these subjects suspected deception in the error icore feedback* All 
subjects were paid $1.00, 

Independent variables , A. two -by-two factorial design with a 
nonequlvalent control group was used, Math ability was used a a third, 
blocking variable. The manipulations of the two independent variables 
were incorporated into the false perforinance feedback given each subject 
after each of twelve trials in a computerized math game, The total error 
score for each subject was held constant, at 144 after the twelfth trial* 
Large error scores, of course, indicated poor performance. Error score 
false feedback after each trial provided the opportunity for manipulating 
the direction and rate of perfoiTnance, The first derivative of the 
error scores on the twelve trials is the direction of change in performance. 
Positive first derivatlvei indicate deteriorating perfonnance, as the 
number of errors is increasing. Negative first derivatives Indicate 
Improving performance, as the nuniber of errors is decreaiing. The second 
derivative of the error scores Is the rate of change in performance, If 
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the second derivative hai the same sign as the first deylvativd, thti 
ratd of potforfnando change la accelotatlng. If tho sddond darivativo 
is opposite in sign to tho fifit derivative^ the rate of performanca 
change is tdeddlerating. Thus the following four conditions wwo createds 
accolorttCing improvement^ docaloratlng ImprDvement, doceloratlng dotorlor' 
ationi and aecelorating detorloratton, 

Tho control group had first and socond dorlvativos of ^aro, in* 
dicating no consistent trend ovor time in parformance scores. Table 1 
presents the mean false fi^dback score fur four blocks of three trials 
for each of the experimtntal conditions, A small random error term 



Place Table 1 about here 



Csllghtly larger in the control condition) was added to the error scores 
presented in Table 1 to increaie the plausibility of the false feedback 
error scorei, iheie random errors sum to zero aoross the twelve trials. • 

Total error scores in excess of 144 aroused iuipicion in pre-tests, 
so the total error score was held constant at 144 for all subjects. In 
©rdar to keep the total error score constant across conditions, it is 
necessary mathematically that the second derivative manipulation be quite 
small, with an average magnitude of + 2. Any lignif leant effect involving 
the second derivative is then both less likely and, should it occur, more 
suggestive of the importance of this factor. 

Procedure . A computer terminal served as experimenter for all but 
the debriefing part of the experiment. The cover story and instructions 
were preserted on the terminal. The subject's task was to guesi the 
sixth in a sequence of numbers. Quadratic integer sequences were used, wi 
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a swdll Mndom (^ttot t&m iiddod to mc\\ wmb^r In the sotiuonce, thu^ 
making tho talk one of estimation utider donditidns of uneeftttintyi 
After a practice sequence demonstrating the inasking effect of the 
random nolso, the subjoct was presented with twelvd trials, The 
subject response for each trial was rocorded by the computer. After 
each response the progrnm presentod false feedback as to the ^^correet'' 
answer and the subject 's arror score for that trial* Depending on 
whether the subject had over* or undor-estimated the correct responsei 
the ''correct" answer was calculatod by either adding to or subtracting 
from the subject rosponse, the subject *s predateiminod error score. 
Thus, the false foedback for each trial could correctly represent the 
direction of the subjeot^i true errori if anyi while still meeting the 
requirements of the Qxporimental manipulation. The cumulative false 
feedback error score was also presented after each trial. After the 
twelfth trial the subject was asked to evaluate ''how satisfied you were 
with your performance " --on a ten-point scale i The computer progrm 
explained the math game was over. The subject then filled out a 
queitionnaire which contain the othsr primary dependent measure: "If 
you were to continue playing for another five trials, and then were to 
average your error scores for just those five sequences* what would 
your average error score per sequence be?". 

Secondary dtpendent measures included the record of subjects' true 
error scores, subjects' recall in thm final questionnaire of the error 
score received after each trial ^ and subjects', math aptitude S.A.T, or 
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GiR.B, ieore^i Subject* having O.RiE. or SiA.T, scopes over 700 or 
hAvltlg dompletdd more than five math ot statistics doUfSei AboVd thd 
high sdhool level were coded as having hlgh> father than tnoderate-^mttth 
ttbillty* subjects wovp also ttskod to attribute porfofflance In the 
computer gmc to (a) a stttble tiblllty, sueh as intelllgonce; (h) a 
learntiblp skill which would ImpfQve with practice, or (c) a mlKturo 
of tho above or an dxteviml factorj such lucki 

Rdsulta 

True perf ormanco * Anal/sls of varianco roveflled n© signlf leant 
effects of the false feedbaQk pdrforfflance scores on the total true error 
scoreSi Subjects In tho acceUratlng dQtorloratton condition made sii|htl)f 
fewer true errors, difference between condltionSi then, eannot be 

attributed to true perfDrmance differences, 

Recall^ of falsa feedback . Analyiii of varlanee using total reeallad 
errors as the dependent variable revaal no ; signif leant between-Qondttlon 
diffaronees* Subjects in the aceelerating deterioration condition 
remefflbored slightly more erTors than subjects in the other three conditions. 
Slight evidence of recall distortion was found when the mean racalled 
and actual falsa feedback error scoras for each block of three trials v/are 
compared, Detiriorating iubjects showed a ilight tendency to over- 
estimate early errors and under ^eitimate later errors, as did subjects 
in the random condition. Subjects in both improving conditioni slightly 
Qver-estimated errors in all trials, None of thes© between-trial or 
betwaen-condition differences were significant. Any effects of the first 
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^nd second dtxivativas Qf the falie feedback could not be attributtd 
*o differinces in recall, as jubjicti* recall Is quite aGcurate, 

gxp#etations . Table 2 presenti the expect atioii and satlsf action 
:rasiJlti. As predicted, subjects in both improving conditloni expected 

Insert Table 2 here 

^iferer arrors on future tTials than subjects Ln both detariorating 
^onditiom. This main effect of the first derivative, that ii^ the 
direction orf change in perforroancij was significant, (f (1,61) = 32*10, 
P < »O0l)i was in accord v/ith the reiults of Jones et al. Contrary 
^© the recejicy model * however^ and in accord with predictions^ there 
%tfas a iigniflcant interaction betv?een the first and second derivatives, 

(1,61) ^ 9*27, P< ,O0S)* The most abrupt jump from the recent 
feedback tr^nd was evident in the accelerating improvement condition. 
In ac&ord with Brlckman and Hendricks- ^'similar task capacity" rtiults, 
subjects in the accelerating improvement condition had a higher mean 
axp^cttd erior score than subjeots in the decelerating improvement con- 
ditlofx* No such reversal from most recent feedback trends was found 
^moiig deteriorating subjicts* Subjects in the accelerating deterioration 
condition e^peet more errors than subjects in the decelerating deterioration 
condition, This pattern of wpectation reiults fit predictions exactly* 
The comrol group, which experienced no systematic changes in per* 
formaiice over time, was expected to exhibit an expectation level inter* 
jjaddati bettveen the improving and deteriorating performers. As expected^ 
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th.# control group mean wgm not significantly different from thft §^^&mi& 
of tlt& other four CQiiditlons and was, in £act^ quite close to the 
s^tuaL false feadbacl meaa of 12, The contTQl group was not slgrLiffiDant- 
ly differeiit from the other four conditioni In tha analysis of Btiy of 

i 

tile ^ther primaTy or sicondary dipendent measures. 

Satisfaction ^ Th.i second derivative of the error scores^ th.at Ls 

i 

the jate of change in performance, had d significant main afffCt m 
satisfiction with pMformance^ O (1*613^^ 4,00, P < .05), hecaiisi o£ the 
uae)cpectadly strong dissatisfaction Cniean - 2.86) in the accelemtiiig 
detettoratlon condition. Thi pattern of means, however, was as predicted, 
with the lowest level of satisfaction in the accelerating deteri^mtton 
condition and the second lowist level of satiif action in tha decelamt- 
iiig liQprovaiment condition. Higher satisfaction levels were found in the 
decelerating deterioration condition, and the highest level in the 
accelerstlng improvement condition. • 

Math ability . Math ability was added as a third factor in the 
maiysis of both the expectation and satisfaction data. In both cases, 
a main effect for math ability was found. Subjects with high math ability 
aspect lower error scores (F (1,61) ^ 12.76, P < .001) and are sLightly, 
not significantly, mora satiirfied with their, performance, (F (Ij&l) ^ 
3.89, P < .10). No interactions with the math factor were found. However, 
in accord ^ith Welner and Kukla's results, in the accelerating LmprDVe- 
ment condition, lubjects with loderate math ability were slightl)^ more 
satiif led than high math ability subjects. This difference was not 
iignif leant and this pattern cf resiilts was not present in any o£ the 
other conditions. 
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AttTlbutloni . Although differences were not sLgnlfleant, the pre- 
dicted pattern of attribution reiults m$ found. As in Weiiiar and Kukla's 
findings J subjects in the improving conditions sJiovfed a sUght and 
nonsigiiificant tendency to attribute ptrforinance Intsrmallyj to a leaxn- 
able skill* Subjects In the detsriorating and random conditions showed 
a slight and nonsignificant tendency to prefer attxibutioni to mixed or 
external causes. 

DiscusiiQn 

The first derivative had a main efftct on parforinance expectancy 
as pradicted by the recency TOdeU In addition^ and contrary to the 
recency modal , a significant interaction between the first and second 
derivatives was found* This latter finding is striking in light of the 
smll magnitude of the second derivative manipulation. It suggests that 
the rate, as ^ell as the direction^ of change in perfonnance Is an 
important determinant of perforniance expectations. These findings also 
suggest that revisions of the recency model of escpectaTicx may be necessary 
when the effects of both first and second derivatives o£ pirformanee are 
considered. 

The rate of change also had a significant main effect on iatiifaction 
with performance. In light of the small magnitude ol the second deriva- 
tivi manipulation, it also su|gests that the sicond derivative of per- 
formance should be studied further* 

TTie predicted pattern of expectancy and satisfaction^ based on the 
findings of Brickman and Hendrick^ was found, Tht relationship between 
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sat lif act ton and expcctatioiis is of parti cular interest in one oi 
the four conditions* Subjects in the decelerating impTavemerit condition 
Taportad th& highest performance expectations, that is^ the fewest ex- 
pacted errors^ and the second lowest level of satisfaction. The cam- 
bination of high expictations and lovf satisfaction under conditioas of 
decelerating improveinent has an intereiting parallal in sociological 
theory, Dayies (1962) found that revolutions were most likely to oceuT 
when a loQg, gradual increase is followed by a sudden drop in prosperity » 
Although the sudden drop may be necessary for revolution on a national 
scale, the combinatioii of high expectations^ due to a long period oS rising 
prospirity, and sharp dissatisfaction^ due to the gap between expectations 
and reality, occured when the increase in prosperity slowed dom* Ptirther 
reseaTch on the relatLonship between satisfaction and expectations might 
focus on the first and second derivatives of economic, as wall as task, 
perforniance. 

The math ability and attribution restilts were predominantly in accord 
with the findings of Weiner and Kukla. A^lthough the direction of change 
in performance clearly affected these variables, there was no eviderice 
that the rate of change in performance had any such effect* 

In spite of the smll magnitude of the manipulation, the second 
derivative affected both expectations and satisfaction with perforniajici^ 
producing a pattern of results which the recency model is not sufficient 
to explain. As Brictean and Hendricks suggested, the second derivative 
does appear to offer an interesting avenue for future research. 



Rate of Changs of PiTformance 
15 

RefeTence Notes 
The author wishes to thank B. A, Sheil for dasigning the 
aomputer programs nicessary for the experimental test. Helpful 
comments on previous versions of this papar were gLven by Drs, Shelley 
Taylor, Reid HastlSi Stephen Cohen, and David Keany. 



Rate of Chmge 
16 



Refer encts 



Bxiekman^ P, I HendTicks, M. Expectancy for gradual or sudden improva- 

ment and raaetion to success and failure. Journal of Personality^ 
Soeial Pgychology, 1975, 32^, 895-900, 
Dav^ieSi J. Toward a theory of revolution* American Sociological 

Review, 1962, 2^, 5^19. 
Estis^ K, Research and theory on the learning of probabilities. 

Journa l of the Merican Statistical Asiociationj 1972, 67j 81*102. 
Jones, E. F,, Rock* L.^ Shaver, G*^ Goethals, G, R, Ward, L* M. 

Pattern of parformance and ability attribution. Journal of Per^ 

sonallty and Social Psychology ^ 1968, 317-340* 
tfeiner, B. ^ 6 Kuklai A., An attributional analysis of achievament 

motivation, JouCTal of Personality and Social Psychology, 1970, 1£, 1-20* 



17 

TABLE 1 

Mean False Feedback Score tot Four Bloeks of Three Trials in Each 

Condition 



Mean Errsr Score For Each 

Condition Block of Three Trials 

Accelerating Improvenient 18, 16 * 11 j 3 

Decelerating Improvement 21^ 13* 8^ 6 
Decelerating Detarloratlon 3| 11, 16, 18 

Aecaleratlng Daterioratlan 6, 8, 13 ^ 21 

Control 12, 12, 12, 12 
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TABLE 2 

Future Error Expeccatiotii and Satisfaction with Performance After 
Twelve Talst Feedback Trials 



Condltloti^ 




Aceelerating 


D.ecel.eratlng 


.Dacelerating^ Aecelarattng 




Iffipravemant 


Ifttprovement 


Detitioration Deterluratloii 


Mean Expeetad 








Erro^ Score 


10.29 


7.43 


12,93 14. so' 


b 

Smtlefactlen 


4*43 


4,00 


4.36 ' 2.86 



^fot each eondltioiif H^L4* 

^The higher the scores the mQte satisflid the subjact* 



